INTRODUCTION {#sec1-1}
============

Epidemiological studies confirmed a high prevalence of cardiovascular disease (CVD) and metabolic syndrome (MetS) among the Iranian population.\[[@ref1][@ref2]\] In the last decade there was an increase in the prevalence of obesity, hypertension, and other risk factors in this population.\[[@ref3]\] This epidemic should be controlled to prevent further morbidity and mortality owing to diabetes and CVD.\[[@ref4][@ref5]\] Previous studies reported that individuals with MetS might benefit from extensive lifestyle modification.\[[@ref6]\]

Although pharmacological therapy is a critical step in the management of patients with MetS, lifestyle modifications are the first step to achieve these goals.\[[@ref7][@ref8]\] Lifestyle modification is a multifactorial process and consists of changes in behavioral factors such as diet and physical activity, weight reduction, and tobacco control.\[[@ref8]\] Several intervention trials have reported the effects of lifestyle intervention programs among high-risk populations.\[[@ref9]\] However, the pooled effects suggest that multiple risk factor interventions have no effect on mortality. In spite of the recent meta-analyses there is doubt on whether lifestyle interventions actually assist the primary prevention of CVD.\[[@ref10]\] However, the Isfahan Healthy Heart Program (IHHP), a comprehensive community-based intervention program that was designed to improve behavior lifestyles and control CVD and its risk factors has shown positive results.\[[@ref11][@ref12][@ref13][@ref14][@ref15]\] This study aimed to evaluate the impact of IHHP interventions concerning healthy behaviors on the prevalence of MetS and its components in the Iranian population.

MATERIALS AND METHODS {#sec1-2}
=====================

Two cross-sectional surveys were conducted in three counties (Arak, Isfahan, and Najafabad) in the central part of Iran, as baseline (2001) and post-intervention (2007) phases of the IHHP, to assess its effects. The IHHP design and interventions have been previously reported in detail.\[[@ref11][@ref12]\] Multistage random sampling was used to select participants aged ≥19 years in the three counties. The intervention phase was then implemented in Isfahan and Najafabad, with populations of 1.895.856 and 275,084, respectively. Arak, with a population of 668,531, was considered as the reference area. The IHHP\'s primary prevention activities were healthy nutrition, increased physical activity, tobacco control, and coping with stress.\[[@ref12][@ref13]\] The secondary prevention activities were performed on CVD patients and their families as well as patients with diabetes, hypertension, and MetS. The main intervention strategies were public education through mass media, intersectoral cooperation, health professional education, marketing and organizational development, legislation and policy development, as well as research and evaluation.\[[@ref12]\] Data on the demographics and lifestyle behaviors, including their nutritional habits, smoking, physical activity, and coping with stress were collected by trained interviewers and questionnaires were administered to each participant in the intervention and reference areas, in 2001 and 2007. Additional questions on medical history and medication use were completed. Written informed consent was obtained from the subjects after a full explanation of the whole study. The study was approved by the Ethics Committee of the Isfahan University of Medical Sciences.

Weight and height were measured with calibrated instruments, under the standard protocol. Waist circumference (WC) and hip circumference were measured and recorded in centimeters, using the standard methods.\[[@ref11]\] Blood pressure (BP) was measured twice from the right hand.\[[@ref11]\]

Fasting (\>12 hours) venous blood samples were collected from all the participants. Standard laboratory kits (Pars Azmoun Co., Tehran, Iran) and the enzymatic method were used to measure serum total cholesterol (TC), triglycerides (TG), HDL-C, and fasting blood glucose (FBG). A two-hour post-load plasma glucose level (2-hpp) was done for non-diabetic participants. All blood samples in both the 2001 and 2007 surveys were frozen at -20°C until assayed within 72 hours in the central laboratory of the Isfahan Cardiovascular Research Institute, with adherence to external national and international quality control. The global dietary index (GDI) was calculated representing the general dietary behavior. In addition, two consumption indices were calculated for specific food groups, that is, meat products and major sources of fat.\[[@ref14]\] The usual dietary intake was assessed using a 49-item food frequency questionnaire (FFQ), listing foods commonly consumed by Iranians, and administered by trained technicians. For each food item, the participants were asked to report common portion sizes and consumption frequency during the previous year. The latter was recorded in terms of daily (e.g., bread), weekly (e.g., rice, meat) and monthly (e.g., fish) consumption, and the daily intake of each food was derived by dividing the weekly consumption by seven and the monthly consumption by 30.

Data on physical activity, expressed as metabolic equivalent task (METS) in minutes per week, were obtained through an oral questionnaire. Several questions on smoking behaviors and the frequency of smoking in a day, week or month were asked.\[[@ref13]\] Smoking was defined as current smoking for those who smoked at least one cigarette per day and non-smokers were ones who did not actually smoke, but had a history of previous regular tobacco use.\[[@ref13]\]

Metabolic syndrome definition {#sec2-1}
-----------------------------

The updated ATP-III definition of MetS was met when three or more of the following criteria were present: Waist circumference ≥102 cm in men and 88 cm in women; HDL \>40 mg/dl in men and, 50 mg/dl in women or specific treatment for this lipid abnormality; triglycerides ≥150 mg/dl in men and women or specific treatment for this lipid abnormality; systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg in men and women or treatment of previously diagnosed hypertension; and fasting glucose ≥100 mg/dl in men and women.\[[@ref16]\]

Statistical analysis {#sec2-2}
--------------------

All data were analyzed by SPSS (SPSS Inc, Chicago, IL, USA; Version 15). The averages are reported as Mean ± SD. For all analyses, statistical significance was assessed at a level of 0.05. The two-tailed *t*-test was used as appropriate to compare the mean ± SD  of continuous variables in 2001 and 2007 and in the reference and intervention areas. The logistic regression method was applied to explore the relationship between lifestyle factors and components of metabolic risk factors.

RESULTS {#sec1-3}
=======

The baseline sample included 15,705 participants (55.8% male) in the intervention area, and 1245 (40.2% male) in the reference area. In 2007, the sample included 1955 (54.6% male) in the intervention area and 973 (45.4% male) in the reference area. The mean age of the participants was significantly different across years (44.68 ± 14.43 years in 2001 vs. 49.106 ± 0.34 years in 2007).

The mean values of the MetS components in 2001 and 2007 are presented in [Table 1](#T1){ref-type="table"}. The mean of WC declined significantly from 103.8 ± 10.48 to 100.23 ± 9.83 among females in the intervention area, whereas, it increased from 99.32 ± 10.48 to 100.82 ± 10.54 among females in the reference area. The mean of SBP decreased from 126.7 ± 22.31 to 124.21 ± 20.0 and from 129.47 ± 23.08 to 126.26 ± 21.88 among females in both the intervention and reference areas. Similar changes were observed among males. However, the mean of DBP and triglycerides decreased significantly in the intervention area and increased significantly in the reference area in both sexes. HDL-C was decreased in both sexes from 2001 to 2007 in the intervention and reference areas. [Table 2](#T2){ref-type="table"} shows the correlation between the lifestyle factors and components of MetS in females. In this group, we found a strong relationship between tobacco control, with high SBP and hypertriglyceridemia (*P* \< 0.01). In addition, having adequate physical activity has a significant relationship with abdominal obesity and hypertriglyceridemia (*P* \< 0.05), even as, the dietary index has a significant correlation with hypertriglyceridemia and low HDL-C (*P* = 0.05). Age has a significant correlation with all MetS components, whereas, residency follows the same pattern except in relation to hypertriglyceridemia and elevated fasting blood sugar (*P* \< 0.0001).
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Characteristics of the studied population in both the intervention and reference areas from 2001 to 2007
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Relationship between lifestyle factors and components of metabolic risk factors in females in both intervention and reference areas from 2001 to 2007
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In males, there was a significant relationship between tobacco control and elevated systolic and diastolic blood pressures and also low HDL-C. Physical activity had a significant relationship with elevated fasting blood glucose (*P* \< 0.01). The dietary index had a non-significant relationship with the MetS components among the subjects of our study. Residency had a significant relationship with all MetS components except low HDL-C (*P* \< 0.01). We have seen a significant relationship between age and all the considered risk factors \[[Table 3](#T3){ref-type="table"}\].
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Relationship between lifestyle factors and components of metabolic risk factors in male in both intervention and reference area from 2001 to 2007
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DISCUSSION {#sec1-4}
==========

The results of this study showed that the community-based lifestyle intervention program could improve lifestyle habits. We found a strong association between tobacco control, being physically active, and healthy nutrition on some components of MetS, especially in women. In this study, the prevalence of MetS and its components was significantly reduced after lifestyle modification during the six-year follow up. Similar improvements have been achieved throughout by quitting tobacco; and having enough physical activity and a healthy diet could improve the metabolic parameters.

Comprehensive lifestyle intervention programs have generally focused on changing high-risk behaviors by persuading at-risk people to quit smoking, have a lower fat intake, and be more physically active. Adopting healthy lifestyle behaviors in middle age can result in lower cardiovascular disease (CVD) and mortality.\[[@ref17]\] However, the modern lifestyle modification therapy combines specific recommendations on diet and exercise with behavioral and cognitive strategies. It is suggested to consider weight loss as a core of treating MetS and its components.\[[@ref18]\] Thus, developing ethnically relevant interventions that are successful in helping people with MetS are needed to reduce long-term negative outcomes. After IHHP interventions, the items on Mets were improved, even when the abdominal circumference was greater than the normal value in women, which was similar with another study among the Japanese population.\[[@ref19]\] Lifestyle changes are important in the treatment of obesity, although, they are usually unlikely to provide a permanent effect. The main challenge of treatment is helping patients maintain healthy behavior changes in the long term\[[@ref20]\]. New strategies demonstrated the effectiveness of goal setting for nutrition and physical activity behavior changes in combination with pharmacotherapy in subject with MetS.\[[@ref21]\] In-line with our study, Moran *et al.*, did not find any relationship between lifestyle intervention on improving glucose tolerance or lipid profiles.\[[@ref22]\]

Ilanne-Parikka and colleagues assessed the effects of leisure time physical activity and resistance training on MetS and its components in a Finnish population.\[[@ref23]\] They found increased moderate-to-vigorous leisure time physical activity was associated with a decreased probability of developing MetS and an increased likelihood of its resolution in individuals at high-risk for type 2 diabetes.\[[@ref23]\] Similarly, our results showed that being physically active had an inverse association with some risk factors such as abdominal obesity and hypertriglyceridemia (*P* \< 0.05).

Kirkendoll and his co-workers claimed that generally MetS subjects were unfamiliar with Mets as a diagnosis. Most were uninformed of the term and had not been told by their doctors that their combination of health problems was referred to as 'MetS'. Based on their individual risk factors, participants should be aware of the need to change lifestyle behaviors to improve their health. In addition, they should have sufficient knowledge of the appropriate behaviors in which they should be engaged. However, they expressed skill building to successfully change behaviors.\[[@ref24][@ref25]\]

Limitation {#sec2-3}
----------

Several limitations must be considered in this study. The type of intervention may have been one of our limitations. Although community-based intervention is accepted for intervention, direct intervention may have been more consequential. Moreover, there may be some confounders that affect our results. In future studies the possible confounders must be considered. In spite of these drawbacks, the main strength of this study is a large population-based sample that has been followed for six years, which is very significant.

CONCLUSION {#sec1-5}
==========

In conclusion, lifestyle improvement programs could be useful to improve the MetS status among men and women. Physical activity, healthy diet, and quitting smoking, more specifically, had benefits with respect to hyperglycemia and dyslipidemia.
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